Short or long-term ex situ conservation is becoming increasingly important in conservation of plants in today's changing environments. One of the important steps in ex situ conservation is the collection and storage of seeds and the consequent establishment of seed germination protocols. Cerastium dinaricum (Caryophyllaceae) is an endemic, high elevation and rare species of European conservation concern. Because of its severely fragmented distribution along the Dinaric Alps, the populations are likely to undergo further shrinkage in the future, which addresses the need of a long-term effective conservation management. From the potential ex situ population management perspective, we focused our study on germination ecology of C. dinaricum. The study revealed that temperature considerably affected the germination of seeds, which germinate better at 20°C rather than 10°C. A period of cold-wet stratification also significantly improved the final germination percentage with more pronounced increase at 20°C, while addition of GA3 increased the final germination percentage by breaking the dormancy of non-stratified seeds. Mechanical scarification did not improve germination; on the contrary, it resulted in the lowest germination success. Seeds grown in complete darkness germinated significantly better compared to control when they were exposed to cold-wet stratification. Contrary to previous studies on some alpine species, which germinate better when exposed to light, dark treatment resulted in the highest germination percentages with 70 and 90% germination success after 4 and 8 weeks of stratification, respectively.
Introduction
Conservation of plants in their natural habitat (in situ) is the most desirable approach in plant conservation.
Plants may be genotypically and phenotypically adapted to their local environment, where they represent a valuable part of the ecosystem (Heywood and Dulloo 2005; Prance 1997 ). This is especially true for plants with narrow ecological niches growing in specific habitats. However, population dynamics, invasive species, changes in land use and climate, pollution and other factors sometimes prevent in situ conservation and other means of conservation need to be used. Habitat restoration can improve the quality of species' environment, and along with careful population management, the target species can thrive again. However, species can recover only if there are enough propagules for the survival of populations (seeds in the seed bank or adult plants), if genetic predispositions of populations are sufficient and if species are able to reproduce. If any of those parameters are downgraded, the recovery will be severely compromised, if (at all) possible. In such cases, temporary or long-term ex situ conservation is needed in order to preserve species or populations. However, in situ and ex situ plant conservation should not be regarded as alternatives but rather as complementary practices (Brown and Briggs 1991) . Ex situ plant conservation may consists of conservation of pollen, seeds, tissue cultures and/or whole mature plants (Cochrane et al. 2007) in specialized facilities such as germplasm banks, botanical gardens or research laboratories. For the conservation of rare and endangered plant taxa, storage of propagules from as many localities as possible represents one of the most important steps in conservation as it enables the preservation of the genetic diversity of the species (Cochrane et al. 2007; Frankham et al. 2004) . One of the important steps in ex situ conservation is the establishment of seed germination protocols, which are essential when we want to produce new individuals for the purpose of studying the species biology or when planning reintroduction actions (Cerabolini et al. 2004; Godefroid et al. 2011; Shen et al. 2015) . The science of seed germination includes several aspects, such as seed dormancy and the requirements for dormancy breaking and the study of abiotic and biotic factors affecting germination. Moreover, it also includes variation in germination responses of seeds within and between populations of the same species (Baskin and Baskin 2014) .
Cerastium dinaricum Beck & Szyszył (Caryophyllaceae) is an endemic species with a highly fragmented Illyrian (western Balkan) distribution spreading along the Dinaric Alps from Mt. Snežnik (southwestern Slovenia) in the northwest to Prokletije Mts. (Albania) in the southeast. With the exception of the northernmost population from Mt. Snežnik, where it grows on limestone scree at the bottom of a karstic doline with a pronounced temperature and vegetation inversion, the species usually thrives in northerly exposed humid screes and rock crevices in summit areas (Caković et al. 2018; Kutnjak et al. 2014; Wraber 1995; own pers. observation) . Being adapted to a cold environment at high elevation (1430-2200 (2370) m a.s.l.), it is likely that the species covered a larger area during the cold Quaternary periods, while the warmer climate resulted in reduction of its distribution range, resulting in a highly fragmented distribution. Being listed in the Annex II of the Habitats Directive, C. dinaricum represents a species of high European conservation concern. All populations of the species are small in size and usually comprise a very few individuals (Caković et al. 2018; Kutnjak et al. 2014; Wraber 1995; own pers. observation) . In Slovenia, C. dinaricum represents one of the most rare plant species with no more than 14-15 known individuals (data from 1996, 1997, 2010, 2016 and 2017; own pers. observation) . Moreover, effective population sizes (Ne) are usually less than the census population sizes (N), with Ne/N ratios often falling between 0.25 and 1.0, or even less (Havens et al. 2004 ). Due to these very low numbers of individuals within populations and their consequent low genetic diversity (Kutnjak et al. 2014) , the populations are likely to undergo further shrinkage in the future in the case of stochastic events. Two different future potential distribution models (climate as forecasted for the year 2050 and 2080 vs. Bfull dispersalâ ssumption) predict a 73% loss of its current potential range or a 4% potential suitable range expansion, respectively (Kutnjak et al. 2014) . For Slovenia, potential reintroduction has been suggested if the population goes extinct (Bačič and Jogan 2004) .
In order to understand the species' biology for future potential population management, we focused our study on germination ecology of C. dinaricum. We aim to establish efficient germination protocols, which could be used for future ex situ seed germination and potentially help the recovery of endangered populations in situ. Since the species thrives in cold environments, usually humid screes and rock crevices, we firstly wanted to determine i) whether the seeds require dormancy breaking and ii) the optimal temperature for seed germination. Moreover, we wanted to find out if iii) seeds germinate better in dark or light conditions and iv) if surface mechanical scarification improves germination. v) The effect of gibberellic acid (GA3) on germination, which is often used to break the dormancy of seeds with harder seed coats, was also tested.
Materials and methods
Seeds were collected from three localities on Velebit Mts. (Croatia) and from Mt. Snežnik (Slovenia) in September 2016 and stored in paper bags with silicagel until the germination experiment (October 2016). Due to the low number of seeds collected in three localities, only seeds from one locality from Velebit Mts. were used in the experiment. The experiment was conducted at the Faculty of Mathematics, Natural Sciences and Information Technologies, University of Primorska, Slovenia. A batch of seeds was sent to Botanical Garden in Zagreb, Division of Biology, Faculty of Science, University of Zagreb, Croatia. Only fully developed seeds were furtherly treated. All seeds were surface sterilized by soaking in 2% sodium hypochlorite for 10 min and then washed in distilled H 2 O for additional 10 min. Seeds were placed on two sheets of Whatman No. 1 filter paper in 9 cm Petri dishes moistened with 3 mL of solution. Germination was recorded on every alternate day for 50 days (in the experiment without stratification and with 4 weeks of stratification) and for 30 days (experiment with 8 weeks of stratification). Seeds were considered to have germinated when radicle became visible. At the end of trial, final germination percentage was calculated.
Experiment design
In order to check if seeds require cold stratification, we prepared three sets of seeds. Seeds in the first set (A) were placed in Petri dishes without a prior stratification period, while seeds in the second (B) and third set (C) were coldwet stratified at 4°C between sheets of moistened filter paper for 4 and 8 weeks, respectively. The germination conditions (described below) were the same in all three sets of seeds. Four different treatments were used: addition of gibberellic acid (GA3), seeds grown in dark conditions, mechanically stratified seeds and control. For each treatment, 20 seeds were used in two replicates. For treatment with GA3, seeds were soaked in 200 ppm GA3 (GA3, The Netherlands) for 2 h and then placed onto filter paper moistened with GA3. For dark treatment, Petri dishes were wrapped in two layers of Aluminum foil. Seeds used in mechanical stratification treatment were lightly rubbed onto emery paper in order to slightly damage the seed coat. Control included sterilized seeds with no other treatment. All treatments were conducted at 10 and 20°C with a photoperiod of 16 h day light and 8 h dark in growth chambers (Memmert HPP260 and POL-EKO Aparatura ST 500 PREM TOP+, respectively). Differences between treat ments (temperature, stratification period, mechanical scarification, addition of GA3, dark conditions, control) were examined using a chi-square test. The results were deemed significant if the probability of the null hypothesis was less than 0.05.
Results
Final germination percentage of C. dinaricum ranged from 0 to 90% under different treatments and stratification periods (Fig. 1) .
Cold-wet stratification
Germination without stratification was close to 0% in most treatments, but cold-wet stratification significantly improved the final germination percentage in nearly all treatments. In general, 4 weeks of stratification increased germination by 25% on average, and 8 weeks of stratification further increased germination compared to non-stratified seeds by on average 41%. The only exception where stratification did not increase germination was when using GA3 at 10°C, where germination of non-stratified seeds reached 85%, while additional 4 and 8 week stratification reduced germination to 37.5 and 62.5%, respectively. Although stratification generally increased final germination percentage at both temperatures, the increase was more pronounced and statistically significant at 20°C. The increase was absent or not significant between controls under different stratification periods at 10°C (p = 0.1385) and between mechanically scarified seeds at 10°C (p = 0.5587 and p = 0.1385 for differences between 0 and 4 week and 4 and 8 weeks, respectively). The speed of germination, which can be observed in the cumulative germination graphs (Fig. 2) and in graph showing time to reach 25% germination (Fig. 1b) , was also increased with the stratification period.
Temperature
In most treatments, temperature positively affected both the final germination percentage and speed of germination. While higher temperature generally increased germination of stratified seeds, the germination of nonstratified seeds was similarly low (and non significant in most treatments; control: p = 0.5587; mechanical scarification: p = 0.3173; darkness: p = 0.1547). In stratified seeds, treated with GA3, higher temperature slightly increased germination, but differences were not significant (p = 0.8142 and 0.6089 for seeds with 4 and 8 week stratification, respectively). 
GA3
Addition of GA3 significantly increased the final germination percentage at 10°C compared to control regardless the stratification period. In fact, seeds treated with GA3 reached the highest final germination percentage among all treatments at 10°C. At 20°C, GA3 significantly improved the germination of non-stratified seeds compared to control, while in stratified seeds the differences were not significant at both 4 and 8 weeks (p = 0.8142 and p = 0.0722, respectively).
Mechanical scarification and dark treatment
Mechanical scarification did not improve germination when compared to control. On the contrary: scarification resulted in the lowest germination success among treatments, similar to germination percentage of control treatment. Seeds grown in total darkness germinated significantly better compared to control (grown in 16/8 h photoperiod) when they were exposed to 4 or 8 weeks of stratification. Seeds with no prior stratification did not show any statistical differences at both 10 and 20°C (p = 1 and 0.3173, respectively). Dark treatment at 20°C resulted in the highest germination percentages with 70 and 90% germination success at 4 and 8 weeks of stratification, respectively.
Discussion
Cerastium dinaricum is a rare and endangered plant species with a very restricted area of occurrence and limited number of individuals per population. The predictions for the species' future are bleak and ex situ conservation combined with potential in situ reinforcements or reintroductions are likely to become increasingly important for this species in the future.
Appropriate seed storage and germination represent the first steps in successful ex situ conservation of plants. This study was aimed at determining the optimal germination conditions of C. dinaricum for further ex situ conservation and potential reinforcement of populations with declining numbers of individuals. While tissue cultures can be used to propagate rare plant species with a restricted number of individuals, reaching practically an infinitive number of new individuals, all descendants of mother plants are clones. Reinforcement of populations with clones is highly undesirable, since it reduces the effective population size, which could result in a bottleneck effect. Using plants grown from seeds is therefore preferred when enough seeds are available. Since seeds need special requirements for germination, which may differ from population to population (for an exhaustive list see Baskin and Baskin 2004, pp. 304-308) , let alone in different species, establishing detailed germination protocols can improve the propagation success.
Currently, Kew Gardens hold data for germination for 26 Cerastium species (Royal Botanic Gardens Kew Seed Information Database (SID) 2018), but there are no data available for C. dinaricum. Although some Cerastium species, included in the database (C. uniflorum), belong to the same group as C. dinaricum based on morphological and phytochemical characters (Niketić et al. 2013) or grow in similar ecological conditions (C. tomentosum), the available germination protocols cannot be applied to C. dinaricum directly. Within our protocols we wanted to test some of the specific ecological situations that are not included in the protocols available in the SID database (e.g. absence of light and mechanical scarification). We found out that germination of C. dinaricum can reach high percentages in a rather short period of time, but only when exposed to a period of cold and moisture (cold-wet stratification). This indicates that seeds of C. dinaricum are dormant. Schwienbacher et al. (2011) studied dormancy in several alpine species, among other also in C. uniflorum, According to the prevailing dormancy class and level of dormancy, Schwienbacher et al. (2011) classified seeds of C. uniflorum into the deep physiological dormancy category. In this category, addition of GA3 and scarification are said not to promote germination Baskin 2004), but Schutz (1988) reported that these treatments did increase the final germination percentage in C. uniflorum. SID database reports 80 and 50% germination for this species at 15/10 and 20°C, respectively, but over a long germination period (91 days). Long germination timing, as was experienced also in our study when using non-stratified seeds, is therefore common in some Cerastium species (also in C. brachypetalum, which grows in different ecological conditions).
GA3 has been proved to improve germination percentage and speed of many plant species (e.g. Cerabolini et al. 2004; Shen et al. 2015) by substituting for cold or warm stratification to break dormancy (Baskin and Baskin 2014) . In C. dinaricum, GA3 did increase the final germination percentage of non-stratified seeds, indicating that it can somewhat replace cold stratification. However, germination still takes a long time (over 40 days to reach 85% germination at 20°C). When focusing on ex situ plant conservation, long germination times affect the costs of germination experiments and provide also enough time to develop fungi hyphae, which can be present even in surface sterilized seeds. Shorter germination times are therefore always desirable. Moreover, the use of such chemicals requires applying chemicals and working in special propagation facilities. A further disadvantage of using chemicals is also the potential difference in vigor of seedlings, germinated from seeds, pretreated with GA3, compared to naturally germinated seeds (Baskin and Baskin 2014) .
Scarification was included in the study in order to test if mechanical damage, which can occur when seeds fall into crevices, stimulates germination. In the case of C. dinaricum, scarification did not improve germination; on the contrary, it resulted in low germination percentage. There are different potential explanations for this. The first is that scarification either does not affect germination or that rubbing seeds onto emery paper is not an appropriate method for scarification of C. dinaricum seeds. Lower germination of scarified seeds compared to control at 20°C could be, on the other hand, attributed also to seed damage during the procedure.
The effect of complete darkness on germination of Cerastium was not tested before. In this study we obtained the highest germination percentages in seeds exposed to darkness with prior exposition to 8 weeks of cold/wet stratification. This result was expected, as Cerastium dinaricum grows in rocky habitats and on screes, where soil is scarce and mostly lying deeply below the rocky layer. Seeds in this harsh and unwelcoming habitat probably survive in deep cracks between rocks with limited light. It is therefore likely that germination in darkness is an adaptation to survival in such habitats. The seeds that fall into the narrow cracks between rocks are protected from harsh environmental conditions and subjected to a more humid environment. Improved germination of alpine species in the dark is however a rare phenomenon, as most studies suggest the opposite (Bliss 1958; Sayers and Ward 1966) .
Several studies have shown that germination behavior can differ between sites within the same species (Baskin and Baskin 2014) . This is a common phenomenon, potentially affected by inbreeding depression (Ouborg and van Treuren 1995) or environmental limitations (Oostermeijer et al. 1994 ). In C. dinaricum, low numbers of seeds from other localities (for example, some populations consist of a very few plants, as little as 14) prevented us to compare germination under the tested parameters described in the present paper. However, testing the germination success and whether germination conditions differ between populations would provide additional information on state of populations and potential adaptations to local environment and could provide valuable additional information for conservation of this rare species.
